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ABSTRACT

Determining whether investments in information technology (IT) have beneficial effects on an organization is an area of
research that continues to interest academics, managers, and investors. Our study contributes to this line of research by
examining the effect of investments in IT on the risk profiles of a sample of companies. Additionally, we examine whether
different types of IT investments may have different impacts on firm risk. We use the downside conceptualization of risk,
that some have argued, most appropriately represents the risk taking attitudes of investors and managers. The results of this
study suggest that IT investments do have an impact on organizational downside risk. A number of studies have examined
whether investments in IT have a positive effect on some measure of earnings or other form of financial return. Results from
the studies have been mixed. The findings of our study may offer an alternative perspective that captures the benefits of IT
investments where no apparent incremental financial results are evident.
KEYWORDS

Event study, downside risk, IT investment
INTRODUCTION

Understanding the impact of investment in information technology (IT) on the performance of an organization has been a
topic of strong interest to MIS researchers, managers, and investors (Heine et al. 2003). Important questions related to these
investments, asked by both researchers and practitioners, are whether the benefits of IT are being realized, and how these
benefits might be measured. The results of studies in this area have been mixed, and have focused primarily on the specific
organizational performance and productivity improvements associated with investments in IT (Kohli et al. 2003).
Instead of examining incremental gains to productivity or financial performance, this study examines the enterprise risk
implications of investments in IT, using a downside conceptualization of risk. We argue that the resulting impact of such
investments may reduce the risk profile of an entity, as measured by downside risk. Downside risk addresses a firm’s
performance below some target value, in contrast to some risk concepts that consider the variability of performance above
and below a target value. This measure is based upon the premise that individuals value preservation of capital over positive
returns, and is considered by some to be consistent with investors’ perceptions of risk. There is empirical evidence from the
management literature that suggests downside risk is more relevant to decision makers than the total variance of outcomes
(c.f. Reuer et al. 2000).
This study explores the following two research questions: (1) Do companies that have invested in IT enjoy reductions in the
levels of enterprise risk? (2) Do different types of IT investments (Automate, Informate, and Transform) have different
degrees of impact upon the levels of enterprise risk?
The primary objective of this study is to test a model that captures the impact of investment in IT on the downside risk of
firms. By exploring these research questions, we hope to provide an alternate measure of benefits that a company may reap
from investments in IT that is not captured in either productivity gains or increased profits. This study proceeds as follows:
section II develops hypotheses relating firms’ investments in IT to downside risk and discusses the model we use to test the
hypotheses. Section III focuses on methodological issues, Section IV discusses the results of our study, and Section V
concludes and summarizes the paper, with comments about directions for future research.
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MODEL SPECIFICATION AND HYPOTHESES DEVELOPMENT

Research on the linkage between investments in technology and improved financial performance have yielded mixed results
(Bharadwaj, Bharadwaj, & Konsynski, 1999; Hitt & Brynjolfsson, 1996). Empirical evidence prior to the early 1990’s
generally suggested that there was no relationship between IT investment and improved performance. However, by the mid
1990’s, a positive relationship between investment in IT and performance had been established (Brynjolfsson et al. 1996; Im
et al. 2001; Stratopoulis et al. 2000). Recently, the incremental value of investments in IT has come into question because of
the perception that IT has become a commodity (Carr 2003). Carr argues that IT investments are becoming merely a cost of
business and offers no competitive advantage to the implementer.
It is possible that strategic investments in technology may yield benefits to firms that are not captured solely by increases in
profitability or measures utilizing profitability (e.g. Return on Assets). Other intangible benefits may accrue to a company
from their technology investments that prevent the erosion of profits and market share without marked changes in
profitability. IT investments may provide a business with information and options that it did not previously possess.
Rapid advances in IT have had the power to automate and even transform certain business processes. In some cases,
companies may have even change the way they conduct their business. For example, the capability for customers to execute
securities transactions over the internet has had a definite influence on the way that financial institutions provide services to
their customers. It could be argued that investments in technology that have enabled customers to access their account
information more readily and therefore trade securities on-line have been mandatory for many security dealers to remain in
business. However, significant investments in IT may have been necessary for those companies who wished to maintain their
market share and current level of profitability, and perhaps, to remain in business.
The beneficial effects of investments in IT that allow a business to maintain current or forecasted levels of profitability will
not necessarily be manifested in incremental profitability. Instead, the risk to a company’s stream of earnings may have been
mitigated. One measurement that can capture this risk mitigation is downside risk, the risk that actual financial performance
is less than a target level.
It has been suggested that downside concepts of risk are more relevant to practicing managers than is performance variability,
which includes both upside and downside outcomes. Behavioral decision theory (Lant 1992; Lant et al. 1987), finance
research (Harlow et al. 1989; Sortino et al. 1994), and management (Miller et al. 1996; Reuer et al. 2000) studies on risk have
employed downside risk measurement. We hypothesize the following relationship between downside risk and investments in
IT:
H1:
A firm’s investment in IT will be inversely related to downside risk.
Recent research has examined the impact of different kinds of investments in technology on financial returns to the
companies making these investments. Dehning, Dow, and Stratopoulis (2003) examined the association between cumulative
abnormal stock returns and whether investments in technology fell into three broad categories. The categories indicated the
intent of the investments to “automate”, “informate”, or “transform” a company’s operations. Automate refers to automating
business processes that may have been executed in part or wholly by human labor. Informate refers to enriching the flow of
information through the company. Transform refers to a major shift in the way a business conducts its internal processes or
relationships with customers or other business entities. Given the very different nature of these three categories of
investments, we wish to examine whether the type of investment has an effect on a firm’s downside risk. The following
hypothesis related to the different investment types is tested in our study:
H2:
There is a differential effect of the type of investment in IT (I, T, or A) on downside risk
We employ a multivariate model in this study to test the hypotheses just discussed. The model we use takes the
following form:
Downside riskt = β0 + β1Downside riskt-1 + β2Investment type + β3Time period + β4-5Firm size t + β6Leveraget + β78Liquidityt + β9-11Organizational slackt + εt
Where:
Downside riskt = calculated measure from equation1 for the period after the investment
Downside riskt-1 = calculated measure from equation1 before the investment
Investment type = categorical variable describing the type of investment (I, T, or A)
Time period = categorical variable indicating whether the firm announced the investment in IT during the
productivity paradox period or during the post productivity paradox period.
Firm size = Total assets deflated by sales, total debt deflated by sales
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Leveraget = categorical variable indicating whether the company was experiencing financial distress.
Liquidityt = current ratio (CA/CL), quick ratio (CA-INV)/CL
Organizational slackt = three types, AR/Sales, INV/Sales, and SGA/Sales
To calculate the downside risk metric and its determinants, two contiguous 40-day periods (-50 to -10 days and 10 to
50 days) were used. We chose the 40-day periods to obtain sufficient time series data to construct the downside measure.
Values for the control variables were determined from the end of the year in which the IT investment announcement was
made. The next section provides more specific detail about the measures used in the model and the sample employed in this
study.
THE MEASURES AND THE SAMPLE

We operationalize the firm risk in this study using the downside concept of risk. Our study employs stock returns in the
calculation of downside risk because stock returns are should reflect the expectations, by informed investors, of the future
impact of investments in technology on an entity. Downside risk is a probability weighted function of below-target
performance outcomes. Downside risk measures performance below a target measure. We specified downside risk as a
firm’s daily stock price return relative to a target level that changed over time. The mean stock price return for a firm’s
industry (Barth et al. 1999) was used as target level. Downside risk was then measured as a second-order root lower partial
moment, and can be expressed as:

Downside Risk =

2
1 n
−
Max
(
0
,
t
R
)
∑
t
n 1

where,
Rt is the firm return during the time period

(1)

t is the t arg et return (industry mean return during the period )
n is the number of observations in the period
We follow the method used in Denning, et al (2003) to code the investment types in our sample as being those made to
informate, automate, or transform a company’s operations. Denning, et al (2003) relied upon a panel of experts to categorize
the nature of IT investments given the timing and industry making the investments. The responses from the experts
independently queried had a high degree of agreement.
Time period. Pre 1991 (pre productivity paradox period or Post 1991 (post productivity paradox period).
Firm size. Even though sales may also capture efficiency, assets may under-represent size if outsourcing is a material part of
operations.
To examine the incremental effect of IT investments on downside risk, we controlled for factors other than investments in
technology that may influence a firm’s downside risk. Our model contains additional control (covariates) variables that
represent leverage, organizational slack, and liquidity.
Leverage may be associated with the risk of an entity. We use the debt-to-equity ratio as a measure of financial leverage
(Chen et al. 1993). The inability of a firm to satisfy payments due to debt holders can result in insolvency, bankruptcy, and
the eventual demise of the entity. Our model contains a categorical variable indicating whether the company was
experiencing relatively high levels of total debt to the total market value of equity. We chose a debt-to-equity level equal to
or greater than 4:1 as the benchmark that indicates a high level of leverage. In other words, we classify firms with D/E ratios
greater than 4 as having a high level of leverage and firms with D/E ratios less than 4 as not having a high level of leverage.
Organizational slack is represented by resources that are accumulated during periods where firms perform above their
targeted levels. These resources enable firms to buffer themselves from adverse effects when their performance is below
targeted levels. Miller and Leiblein (1996) posit that slack will reduce subsequent downside risk.
Liquidity is a measure of a company’s ability to meet the obligations of current liabilities in a given year from resources
generated from operations. Low levels of liquidity signal potential financial distress, and greater risk levels for a firm. This
study uses the current ratio (current assets / current liabilities) as a measure of a firm’s liquidity.
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Sample. The data set used in this study consists of organizations that announced significant investments in IT from the
period 1981-1997 (Hunter 2003; Im et al. 2001). We began with the 238 IT announcements found in Im et al., and the 150
IT announcements found in Hunter, resulting in 388 possible IT announcements. 137 announcements were lost due to either
inconsistent or incomplete data obtained from CRSP for either the individual firms or problems in constructing the industry
returns. As such, we estimate the downside risk models using the resulting 251 IT investment announcements (see table 1).
Ideally, we would have also wanted to survey the companies who made the announcements about the intended purpose for
their investments in IT. However, we felt that the likelihood of IT executives initiating the expenditures still being at the
sample companies in 2004 would be low. Additionally, given the relatively low response rate of unsolicited surveys, we had
concerns that there would be insufficient data from which to draw any conclusions.

IT Announcements found in Im et al., 2001
IT Announcements found in Hunter, 2003
Total possible IT Investment Announcements
Less: Firms with incomplete CRSP data
Usable IT Investment Announcements

Announcements
238
150
388
137
251

Table 1: IT Investment Announcements
Descriptive statistics for the total sample are presented in Table 2, panel A. Table 2, Panel B presents descriptive statistics by
investment type. The average firm had sales of $20 billion with an average net income of $785 million. Firms’ total assets
averaged $31 billion and ranged from $49 million to $272 million. A cursory examination of Table 2 seems to provide initial
support for both H1 and H2. The change in downside risk after implementing IT decreased overall. Further, there appears
to be a differential impact of type of IT investment on the change in downside risk. Specifically, downside risk increased for
firms that used technology to automate business processes and decreased for firms informating and transforming business
processes. Table 3 presents correlations for the variables used in this study.
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Panel A: Descriptive Statistics for Total Sample
Variable

N

Mean

Std Dev

Minimum

Maximum

Downside riskt-1
Downside riskt

251

0.0324

0.0901

0

0.8299

251

0.0301

0.0766

0

0.6862

Assetst (in $000,000’s)

251

31,285

43,858

49.481

272,402

Salest (in $000,000’s)

251

20,151

27,335

81.664

165,370

Net Income t (in $000,000’s)

251

785.07

1,163

-1985

7,280

Debtt (in $000,000’s)

251

9,914

19,431

0

162,406

237

2,960

4,369

0

24,908

208

3,170

3,933

33.552

19,308

accounts receivablet (in $000,000’s)

243

12,171

23,954

0

123,836

current ratiot

183

1.696

0.794

0.208

5.909

quick ratiot

182

0.831

0.646

0.077

4.126

Inventoryt (in $000,000’s)
selling, general, and administrativet
$000,000’s)

(in

Panel C: Descriptive Statistics for firms by Investment Type
Investment Type=Automate
Variable

N

Mean

Std Dev

Minimum

Maximum

Downside riskt-1
Downside riskt

108

0.0199

0.0453

0

0.3915

108

0.0230

0.0639

0

0.5184

Investment Type=Informate
Variable

N

Mean

Std Dev

Minimum

Maximum

Downside riskt-1
Downside riskt

127

0.0411

0.1111

0

0.8298

127

0.0373

0.0882

0

0.6862

Variable

N

Mean

Std Dev

Minimum

Maximum

Downside riskt-1
Downside riskt

16

0.0479

0.1220

0

0.4891

16

0.0208

0.0480

0

0.1985

Investment Type=Transform

TABLE 2: Table of Descriptive Statistics
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and
-0.085
-0.062
-0.046

-0.079
0.042
-0.060

0.945**
-0.246**
0.219**

0.065

1
0.749**
0.079

3.

0.637**
-0.283**
0.047

0.022

1
0.529**

4.

-0.082
0.308**
-0.222**

0.074

1

5.

0.058
0.374**
0.490**

1

6.

1
0.089
0.532**

7.

TABLE 3: Correlation Matrix for variables in downside risk ANCOVA model

0.162*

1
-0.084
-0.025
0.082

2.

0.157*

1.
1
0.548**
-0.089
-0.054
0.097
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1. Downsie riskt-1
2. Downside riskt
3. Assetst
4. Debtt
5. Inventoryt
6. Selling, general,
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7. Accounts receivablet
8. Current ratiot
9. Quick ratiot
* p<0.01
** p<0.05
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RESULTS

To formally test the two hypotheses, we used Analysis of Covariance (ANCOVA) to compare the change in downside risk
after implementing IT. There were four fixed effects in the model (industry affiliation and three measures of organizational
slack), and covariates (time period, firm size, leverage, liquidity) to control for differences in firm size and operating
performance as alternative explanations for differences found in changes in downside after implementing IT.
Hypothesis 1 predicted that investment in IT will result in a reduction in organizational downside risk. Given that the overall
ANCOVA model was significant (p<0.001), and the results of the univariate tests, there appears to be sufficient empirical
evidence to conclude that reduction in organizational downside risk following the announcement of investment in IT.
Hypothesis 2 predicted a differential effect of investment type on downside risk. The regression coefficient for this variable
was not statistically significant. Further univariate analysis confirmed this finding. Thus, there appears to be empirical
evidence suggests that the type of IT investment does not have an impact on a firm’s level of downside risk. However, we
feel it important to note the mean changes in downside risk as depicted in Table 1, panel C. Specifically, it is important to
note that “automate” investments actually resulted in an increase in downside risk whereas investments in “informate” and
“transform” resulted in decreases in downside risk – however, the difference among them was not statistically significant.
These difference are graphically depicted in figure 1.
Figure 1: Graphical depiction of the change in the mean level of downside risk by investment type
Change in Downside Risk after implementng Information Technology
0.06

0.05

Downside Risk

0.04

Automate
Informate
Transform

0.03

0.02

0.01

0
Prior To Investment

After Investment

The results of the ANCOVA analysis (shown in Table 4) show that there is a significant difference in the change in downside
risk after implementing IT is partially determined by the levels of organizational slack (SG&A/Sales, AR/Sales, and
Inventory/Sales) as represented by the three variables: SG&A; Accounts Receivable, and Inventory. As can be seen in Table
4, two of the organizational slack variables are significant: (1) SG&A variable, p=0.0274; and (2) Accounts Receivable
variable, p=0.0086), and the third organizational slack variable was not significant (Inventory variable, p=0.9987). The
downside risk measure is very different for each type of investment (automate, informate, and transform).
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Source
Downside risk
Investment Type
Inventory
Selling, General, and
Administrative
Accounts Receivable
Time Period
Distress Condition
Assets
Debt
Current Ratio
Quick Ratio
Error
Total
R2=0.424

Downside Risk Implications Of Investments In Information Technology

DF
1
2
1
1

Type III SS
0.3107
0.0150
0.00001
0.0213

Mean Square
0.3107
0.0075
0.0001
0.0213

F-Value
72.18
1.74
0.00
4.96

significance
<.0001
0.1786
0.9987
0.0274

1
1
1
1
1
1
1
150
162

0.0305
0.0243
0.0105
0.0231
0.0317
0.0150
0.0124
0.6458
1.1220

0.0305
0.0243
0.0105
0.0231
0.0317
0.0150
0.0124
0.0043

7.10
5.65
2.44
5.38
7.38
3.48
2.88

0.0086
0.0188
0.1203
0.0217
0.0074
0.0639
0.0916

Table 4: Ancova Results
Analysis of the covariates reveals that five of the variables were also significantly related to downside risk: (1) Time period;
(2) Total Assets deflated by Total Sales; (3) Total Debt deflated by Total Sales (4) Current Ratio; and (5) Quick Ratio. Firms
that announced IT investments prior to 1991 showed significant increases in downside risk whereas firms that announced IT
investments after 1991 showed significant decreases in downside risk. With respect to Total Assets and Total Debt, larger
firms had higher levels of downside risk following the announcement of the IT investment. The two liquidity covariates
produced similar significant results. The remaining control variables were not statistically significant in the downside risk
model.
DISCUSSION AND DIRECTIONS FOR FUTURE RESEARCH

Both practitioners and academic researchers of IT management have attempted to determine the value of investment
in new technology. Research on conceptions of risk indicates that managers generally conceptualize risk in terms of failure
to achieve targets (i.e. mean industry stock return). The findings of this study provide a compelling argument for shifting the
focus of business value of IT research from traditional performance metrics (e.g. net income, ROA, etc.) to downside risk.
The main finding of this study is that firms investing in IT have a general, significant impact on organizational
downside risk, as predicted. However, the type of IT investment is not significantly related to downside risk. These results
are striking in light of prior research that suggests the conditions under which IT investments are likely to produce out-of-theordinary, positive returns (Dehning et al. 2003).
The results of this study should motivate an interest in downside risk among IS researchers. Researchers have
typically measured the impact of IT investments using traditional accounting-based performance metrics. Our study adds to
the literature by examining the impact of IT on downside risk. We hope that the initial results from this study will encourage
wider theoretical and empirical integration of downside risk.
This study’s results have several implications for future research. First, our finding that the type of investment in IT
does not have an effect on downside risk provides a cautionary note against making general claims regarding the impact of
the inclusion of IT strategic role in explaining how IT investments might affect the firm’s competitive position and ultimately
firm value. While we believe that our lack of statistical results was directly related to lack of power of our statistical tests, we
still found no evidence to support the assertion that different types of investment in IT will result in differential levels of
downside risk in general. Given the evidence presented in this study, there is value in questioning assumptions regarding the
theoretical predictions regarding the type of IT investment. As such, additional research is needed to help reconcile these
contradictory results.
Although the focus of our study was on the overall effects of IT investments on organizational downside risk, future
research might investigate specific contingencies affecting a firm’s ability to reduce risk through investment in IT (i.e. a
micro level study to complement our macro level study). Although there was not any statistical relationship between type of
IT investment and reductions in downside risk, figure 1 clearly depicted organizational downside risk increasing for automate
investments and decreasing for both the informate and transform investments.
Third, there are opportunities to build upon this study’s focus and methods. Specifically, since our study used
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secondary data to categorize the type of IT strategic role (see Dehning et al. 2003), categorization of IT investment could be
significantly refined by using primary data.
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Appendix 1: Industry Classifications for firms in study
Industry Definitions (Barth et al. 1999)
Industry
Industry Name

SIC Codes

A

0100-0999

B
C

Agriculture
Mining
Construction

and
1000-1299, 1400-1999

D

Food
Textiles
Printing/Publishing

E

Chemicals

2800-2824, 2840-2899

F

Pharmaceuticals

2830-2836

G
H

2000-2111
&

Extractive
Durable
Manufacturing

2200-2780

1300-1399, 2900-2999
3000-3569, 3580-3669, 3680-3999

I

Computers

3570-3579, 3670-3679, 7370-7379

J

Transportation

4000-4899

K

Utilities

4900-4999

L

Retail

5000-5999

M

Financial Institutions

6000-6999

N

Services

7000-7369, 7380-8999
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